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DESCRIPTION 



DISPLAY PANEL AND DISPLAY APPARATUS 

TECHNICAL FIELD 
The present invention relates to a display panel and 
a display apparatus which are capable of displaying 
different images according to a plurality of viewpoints in a 
similar manner to 3D (three dimensional) display. 

BACKGROUND ART 
In a normal field of vision, humans have the two eyes 
that perceive images which the eyes view from two 
different viewpoints, respectively, due to their spatial 
separation in the head. Parallax of the two images allows 
humans to recognize by the brain the images from the two 
different viewpoints as a stereoscopic image. By utilizing 
this principle, there has been developed a liquid crystal 
display which causes an observer to view and recognize 
im ages from two different viewpoints through the right eye 
and the left eye, respectively, so as to generate parallax, 
thereby carrying out a 3D (three-dimensional) display. 

In a conventional 3D liquid crystal display, images 
from respective different viewpoints are supplied to the 
right and left eyes of the observer, by first encoding the 
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left eye image and right eye image on a display screen 
according to e.g. color, polarization state, or display time, 
and then separating these images through a filter system 
of glasses worn by the observer. The filter system allows 
the left eye image and the right eye image which have 
been separated to be supplied to the left eye and the right 
eye of the observer, respectively. 

In another liquid crystal display, as illustrated in Fig. 
8(a), a display panel 101 is combined with a parallax 
barrier 102 having light-transmitting regions and 
light-shielding regions arranged in a stripe pattern. This 
allows an observer to recognize a 3D image without using 
a visual assistance such as a filtering system 
(autostereoscopic display). Specifically, a parallax barrier 
102 gives specific viewing angles to a right eye image and 
a left eye image generated by the display panel 101. When 
viewed in a specific spatial viewing region, the right eye 
image and the left eye image are viewed and recognized by 
the right eye and the left eye, respectively, so that a 3D 
image is recognized by the observer (see Fig. 8(b)). 

Further, by employing the same technique used in 
the 3D display, it is possible to realize a display 
apparatus in which, when a single display screen image is 
viewed from different directions, i.e., the left and right 
directions, different images are displayed on the display 
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screen tor the respective directions in which the display 
screen image is viewed and recognized. Specified, by 
dl sp,aying images separated hy a paraUax harrier as 

4. »o 4-Vip> ri^ht eve image and 
different individual images, not as the right ey 

an rfisolav it is possible to supply 
the left eye image m a 3D display, v 

different images to a plurality of observers who view the 

Unexamined Patent Publication, No. 
Japanese Unexamined 

, 1 -u-j « 110495 publication date: 
110495/1996 (Tokukaihei 8-U04ya, p 

c+oiv i<ssue in a 3D display 
April 30, 1996) describes a crosstalk issue in 

apparatus employing a li.uid crystal panel and a parallax 
barri e, That is, this publication discloses that, according 

ownscotjic vision cannot be 
to a 3D display apparatus, a stereoscopic 

tVl , rp ; s a region where both of a right 
realized, because there is a regio 

„~ Q rp observed by a single 
a left eve image are oD&civt- ^ 
eye image and a ieix eye & 

the risht eye image and the lelt 
eye. Such overlapping of the ngnt ey 

eye image is called as crosstalk. 

A^a to the publication Tokukaihei 
However, according to tne pu 

+ iv in the 3D display apparatus is 
8-110495, crosstalk in tne 

nn «n anerture ratio of an aperture 
determined depending on an apertur 

section of the paral.a* harrier, and it is understood that 
no crosstab occurs at an optimum viewing positton. 

Further, the aforementioned 3D display apparatus 
anQ the display apparatus which supplies different images 
to re spective observers employ display-use .i q uid crystal 
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panels, which basically have a same structure. In each of 
the display-use liquid crystal panels, each pixel pattern 
includes TFT devices and transparent pixel electrodes, for 
example. Further, each of the pixel patterns is disposed, 
in a matrix manner, at each intersection of a gate line and 
a source line. The gate lines and the source lines are 
isolated by an interlayer insulating film interposed in 
between (not shown). 

In such a liquid crystal display panel, normally, 
there is not sufficient liquid crystal capacitance between a 
pixel electrode and an opposing electrode (not shown). 
Therefore, an auxiliary capacity line is provided in parallel 
to a gate line. When extending a drain electrode of a TFT 
device up to the auxiliary capacity line, a section in which 
the drain electrode and the auxiliary capacity line are 
superimposed is formed. This allows an auxiliary 
capacitor (an electric charge holding capacitor) to be 
formed between the drain electrode and the auxiliary 
capacity line in the superimposed section. An insulating 
layer between the drain electrode and the auxiliary 
capacity line in the superimposed section acts as an 
insulating material. 

However, inventors of the present invention have 
found that when the conventional liquid crystal panel is 
used in a 3D display apparatus or the like, crosstalk 



occurs even in the optimum viewing position, where no 
crosstalk is supposed to occur according to the 
publication Tokukaihei 8-110495. This causes a display 
performance to be degraded due to the crosstalk. 

That is, in each of the pixel patterns on the liquid 
crystal display panel, an aperture section, i.e., a 
light-transmitting region, will not be in a simple 
rectangular shape due to positions of the disposed TFT 
devices and/or auxiliary capacitors, or other factors. In 
this case, the aperture section may partially have a 
narrow gap due to positions or shapes of the disposed TFT 
devices or auxiliary capacitors, or other factors. 

When the light passes through small aperture 
sections with a regular interval, the light has a 
characteristic causing its propagation direction to curve 
(i.e., diffraction phenomenon). As such, when a pixel 
pattern includes such aperture sections having a narrow 
gap, light passing through the aperture sections causes a 
diffraction phenomenon. 

On this account, as illustrated in Fig. 9, in a 3D 
display apparatus in which a parallax barrier and a 
display-use liquid crystal panel are combined, for example, 
in cases where light causes the diffraction phenomenon 
during a period in which the light, to which a specific 
viewing angle is given, passes through the parallax barrier, 
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impossible to completely separate the light into 
it becomes lmpossioie r 

•U«ht for the left eye» and "light for the right eye". This 
would give rise to the prob.em that an optica, crosstalk 
oocurs and a 3D display performance is degraded. 

Specifically, when the light is diffracted as it passes 

u ,h» anerture sections having a narrow gap 
through the aperture 

(indicated hy hold Unes in Fig. 9), in addition to the light 
to which a specific viewing angle is given as it passes 

h-rrier the light thus diffracted 
through the parallax harrier, 

•f^otir.n such optical behavior is 
respectively (in this specification, such op 

referred to as crosstalk,. The crosstalk behavior causes an 
imag e to be appeared as a blurred image during 3D 
display. Note that, the similar problem occurs during a 
display in which different images are supplied to a 
plU ra,ity of observers. In this case, the observers perceive 
a „ image in which one display image over.aps another 

display image. 

The crosstalk due to the diffraction phenomenon is 

not an inherent problem in a parallax barrier system, but 

occurs in other systems such as systems using lens arrays 

or glasses. Further, the crosstalk occurs not only m a 

system where a display image is separated according to a 

p.urality of viewpoints at one time, but aiso in a system 



where a display image is separated according to a 
plurality of viewpoints in a time division manner. 

DISCLOSURE OF INVENTION 

The present invention is made to solve the foregoing 
problems, and an object of the present invention is to 
provide a display panel and a display apparatus each of 
which suppresses a crosstalk due to diffraction 
phenomenon and improves a 3D display and a display 
which supplies different images to a plurality of observers. 

To attain the above object, a display panel of the 
present invention includes: display image generating 
means for generating a display image according to 
inputted display data; and display image separating 
means for separating the display image, at one time or in 
a time division manner, according to a plurality of 
viewpoints, the display image generating means being an 
active matrix type display panel, aperture sections in each 
pixel pattern of the display panel having a width set so as 
to satisfy the following inequality, 

0 < (minimum width of the aperture sections in the 
pixel) / (maximum width of the aperture sections in the 
pixel) < 0.037, or 

0.130 < (minimum width of the aperture sections in 
the pixel) / (maximum width of the aperture sections in 



the pixel) < 1 . 

According to the arrangement, by setting the width of 
the aperture sections in each pixel pattern to the range 
specified above, it is possible for a crosstalk to have a 
value of less than 5.6, the crosstalk occurring due to a 
diffraction phenomenon during a display in which a 
display image is separated according to a plurality of 
respective viewpoints at one time or in a time division 
manner. This allows a reduction in negative effects on the 
visibility. 

Further, to attain the above object, another display 
panel of the present invention includes: display image 
generating means for generating a display image according 
to inputted display data; and display image separating 
means for separating the display image, at one time or in 
a time division manner, according to a plurality of 
viewpoints, the display image generating means being an 
active matrix type display panel, aperture sections in each 
pixel pattern of the display panel having a width set so as 
not to fall within a range specified by the following 
inequality: 

2 jum < (minimum width of the aperture sections in 
the pixel) < 7 m. 

According to the arrangement, by setting the width of 
the aperture sections in each pixel pattern to the range 



specified above, it is possible for a crosstalk to have a 
value of less than 5.6, the crosstalk occurring due to a 
diffraction phenomenon during a display in which a 
display image is separated according to a plurality of 
respective viewpoints at one time or in a time division 
manner. This allows a reduction in negative effects on the 
visibility. 

To attain the above object, another display panel of 
the present invention includes: display image generating 
means for generating a display image according to 
inputted display data; and display image separating 
means for separating the display image, at one time or in 
a time division manner, according to a plurality of 
viewpoints, the display image generating means being an 
active matrix type display panel, a light shielding film 
being provided to avoid that the light enters aperture 
sections, in each pixel pattern of the display panel, having 
a narrow gap. 

According to the arrangement, in a case where a 
pixel pattern includes aperture sections causing a 
crosstalk due to a diffraction phenomenon giving rise to 
negative effects on the visibility, it is possible to prevent 
crosstalk due to the diffraction phenomenon by covering 
the aperture sections with the light-shielding film so that 
the diffracted light causing the crosstalk is blocked. 
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Additional objects, features, and strengths of the 
present invention will be made clear by the description 
below. Further, the advantages of the present invention 
will be evident from the following explanation in reference 
to the drawings. 

BRIEF DESCRIPTION OF DRAWINGS 
Fig. 1 is a plan view illustrating a pixel pattern on a 

displaying panel according to one embodiment of the 

present invention. 

Fig. 2 is a cross-sectional view illustrating an 

exemplary structure of a 2D/3D switching type liquid 

crystal display panel to which the present invention is 

applied. 

Fig. 3(a) is a cross-sectional view illustrating a 
structure of a patterned retardation plate used in the 
2D/3D switching type liquid crystal display panel. 

Fig. 3(b) is a plan view illustrating a structure of the 
patterned retardation plate used in the 2D/3D switching 
type liquid crystal display panel. 

Fig. 4 is a view illustrating an optical axis direction 
in each member of the 2D/3D switching type liquid crystal 
display panel. 

Fig. 5(a) is a view illustrating a pixel pattern used in 
simulations to investigate how the width of an aperture 



affects a crosstalk. 

Fig. 5(b) is a view illustrating how a pixel pattern is 
when the width of the aperture section shown in Fig. 5(a) 
is 0%. 

Fig. 5(c) is a view illustrating how a pixel pattern is 
when the width of the aperture section shown in Fig. 5(a) 
is 100%. 

Fig. 6 is a graph showing a result of the simulations. 

Fig. 7(a) is a plan view illustrating an exemplary 
structure in which light-shielding films are disposed on 
aperture sections having a narrow gap in a pixel pattern 
on a displaying panel according to one embodiment of the 
present invention. 

Fig. 7(b) is a plan view illustrating another 
exemplary structure in which light-shielding films are 
disposed on aperture sections having a narrow gap in a 
pixel pattern on a displaying panel according to one 
embodiment of the present invention. 

Fig. 8(a) is a view showing an effect of giving a 
viewing angle caused by a parallax barrier in 3D display. 

Fig. 8(b) is a view illustrating viewing regions for a 
3D display image in 3D display. 

Fig. 9 is a view illustrating a principle that the 
diffracted light causes a crosstalk in a conventional 3D 
display apparatus. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

With reference to figures, one embodiment of the 
present invention is described below. 

First, Fig. 2 illustrates a schematic structure of a 
2D/3D switching type liquid crystal display panel of the 
present embodiment. Note that, the present embodiment 
takes as an example a liquid crystal display panel of the 
present invention applied to a 2D/3D switching type 
liquid crystal display panel. 

As shown in Fig. 2, the 2D/3D switching type liquid 
crystal display panel includes a display-use liquid crystal 
panel (display image generating means) 10, a patterned 
retardation plate (parallax barrier means) 20, and a 
switching liquid crystal panel 30, which are bonded 
together. The 2D/3D switching type liquid crystal display 
panel of the present embodiment is integrated with driving 
circuits, a backlight (light source), and other components, 
which realizes a 2D/3D switching type liquid crystal 
display apparatus. 

The display-use liquid crystal panel 10 is provided as 
a TFT liquid crystal display panel, and includes a first 
polarizing plate 11, an opposing substrate 12, a liquid 
crystal layer 13, an active matrix substrate 14, and a 
second polarizing plate 15, which are stacked in layers. 



Through wiring 51 such as flexible printed circuits (FPC), 
the active matrix substrate 14 receives image data 
corresponding to an image to be displayed. Further, a 
surface of the second polarizing plate 15 is coated with an 
organic film, i.e., an acrylic resin film 16. 

The patterned retardation plate 20 functions as a 
part of a parallax barrier. As shown in Fig. 3(a), the 
patterned retardation plate 20 includes a transparent 
substrate 21, an alignment film 22, and a liquid crystal 
layer 23, which are stacked upwards from bottom in this 
order. In an active area of the patterned retardation plate 
20, as shown in Fig. 3(b), first regions 20A (shaded 
regions in the figure) and second regions 20B (projected 
regions in the figure) having different polarization states 
are arranged alternately in a stripe pattern. Further, the 
patterned retardation plate 20 is provided with an 
alignment mark 20c, which is formed in the same process 
for forming the first region 20A. 

The switching liquid crystal panel 30 includes a 
driver-side substrate 31, a liquid crystal layer 32, an 
opposing substrate 33, and a third polarizing plate 34, 
which are stacked in layers. The driver-side substrate 31 
is connected to wiring 52. Through the wiring 52, a 
driving voltage is applied to the driver-side substrate 31 
when the liquid crystal layer 32 is ON. 
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The switching liquid crystal panel 30 is provided as 
switching means for switching a polarization state of light 
passing through the switching liquid crystal panel 30 
upon switching of the liquid crystal layer 32 ON or OFF. 
Specifically, the switching liquid crystal panel 30 optically 
modulates the light passing through the switching liquid 
crystal panel 30 differently in the 2D and 3D display 
modes. Unlike the display-use liquid crystal panel 10, the 
switching liquid crystal panel 30 does not need to be 
driven in a matrix manner. Driving electrodes, which are 
provided on the driver-side substrate 31 and the opposing 
substrate 33, are formed over an entire surface of an 
active area of the switching liquid crystal panel 30. 

Next, the following describes a display operation of 
the 2D/3D switching type liquid crystal display panel 
arranged in the foregoing manner. 

To begin with, Fig. 4 illustrates an optical axis 
direction of each member of the 2D/3D switching type 
liquid crystal display panel shown in Fig. 2. In the liquid 
crystal panels and retardation plate, the optical axes 
shown in Fig. 4 are directed in the direction of a slow axis 
of the alignment film (i.e. a rubbing direction of the 
alignment film). In the polarizing plates, the optical axes 
are directed in the direction of a transmission axis. 

In the arrangement of Fig. 4, incident light emitted 



- 15 - 

from a light source is firstly polarized by the third 
polarizing plate 34 of the switching liquid crystal panel 30. 
In the 3D display mode, the switching liquid crystal 
display panel 30 functions as a half wave plate in the off 
state. 

The light having passed through the switching liquid 
crystal panel 30 then enters the patterned retardation 
plate 20. In the first region 20A and the second region 
20B of the patterned retardation plate 20, rubbing 
directions, i.e. directions of slow axes, are different. 
Therefore, light having passed through the first region 20A 
and light having passed through the second region 20B 
are polarized differently. In Fig. 4, the polarization axis of 
the light passing through the first region 20A and the 
polarization axis of the passing through the second region 
20B are shifted from each other by 90°. The birefringence 
anisotropy and thickness of the liquid crystal layer 23 is 
set so that the patterned retardation plate 20 serves as a 
half wave plate. 

The light having passed through the patterned 
retardation plate 20 enters the second polarizing plate 15 
of the display-use liquid crystal panel 10. When 3D 
display is performed, the polarization axis of the light 
having passed through the first region 20A of the 
patterned retardation plate 20 is parallel to the 
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transmission axis of the second polarizing plate 15. 
Therefore, the light having passed through the first region 
20A passes through the polarizing plate 15. On the other 
hand, the polarization axis of the light having passed 
through the second region 20B forms an angle of 90° with 
the transmission axis of the second polarizing plate 15. 
Therefore, the light having passed through the second 
region 20B is not transmitted through the polarizing plate 
15. 

According to the arrangement in Fig. 4, the function 
of the parallax barrier is attained by optical interaction 
between the patterned retardation plate 20 and the second 
polarizing plate 15. According to this arrangement, the 
first region 20A of the patterned retardation plate 20 
serves as a light-transmitting region, and the second 
region 20B of the patterned retardation plate 20 serves as 
a light-shielding region. 

The light having passed through the second 
polarizing plate 15 is subjected to optical modulation in 
the liquid crystal layer 13 of the display-use liquid crystal 
panel 10. Here, the optical modulation is different for the 
pixels undergoing black display and the pixels undergoing 
white display. Only the light having subjected to optical 
modulation of the pixels undergoing white display is 
transmitted through the first polarizing plate 11, which 
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thus provides image display. 

Here, in the 3D display mode, light-transmitting 
region light rays are given specific viewing angles as the 
light rays pass through the light-transmitting regions of 
the parallax barrier. Then, the light rays pass display-use 
liquid crystal panel 10 through pixels corresponding to a 
right eye image and pixels corresponding to a left eye 
image of the display-use liquid crystal panel 10. This 
causes the separation between the right eye image and the 
left eye image with respectively different viewing angles, 
thus providing a 3D display. 

In the 2D display mode, the switching liquid crystal 
panel 30 is turned ON, so that the light passing through 
the switching liquid crystal panel 30 will not be optically 
modulated. The light having passed through the switching 
liquid crystal panel 30 passes through the patterned 
retardation plate 20. in such a manner that the light 
having passed through the first region 20A and the light 
having passed through the second region 20B have 
different polarization states. 

However, unlike the 3D display mode, the switching 
liquid crystal display panel 30 does not perform optical 
modulation in the 2D display mode. Therefore, the 
polarization axis of the light having passed through the 
patterned retardation plate 20 will be symmetrical with 
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respect to the transmission axis of the second polarizing 
plate 15. As a result, the light having passed through the 
first region 20A of the patterned retardation plate 20 and 
the light having passed through the second region 20B of 
the patterned retardation plate 20 pass through the 
second polarizing plate 15 at the same transmittance. 
Thus, the function of the parallax barrier due to optical 
interaction between the patterned retardation plate 20 
and the second polarizing plate 15 is not attained (that is, 
no specific viewing angles are given), with the result that 
2D display is carried out. 

Note that, the foregoing takes as an example a liquid 
crystal display panel of the present invention applied to a 
2D/3D switching type liquid crystal display panel. 
However, an object of the present invention is to prevent 
crosstalk due to diffraction phenomenon in a display-use 
liquid crystal panel used in a 3D display apparatus or a 
display apparatus which supplies different images to a 
plurality of observers. Thus, the present invention may be 
applied to (i) a 3D type liquid crystal display panel or 3D 
type liquid crystal display apparatus which does not 
include the switching liquid crystal panel 30 (i.e. an 
exclusive arrangement for the 3D display) or (ii) a display 
apparatus which supplies different images to respective 
observers (an arrangement allowing switching between a 
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display mode in which different images are supplied to 
respective observers and a normal display mode, or an 
exclusive arrangement for displays of different images to 

respective observers). 

In the case where the present invention is applied to 
(i) the 3D type liquid crystal display panel which does not 
include a switching liquid crystal panel or (ii) the display 
apparatus which supplies different images to respective 
observers, a half wave plate is provided instead of the 
switching liquid crystal panel, and a slow axis of the half 
wave plate is adjusted to be in a rubbing direction of the 
switching liquid crystal panel. However, the third 
polarizing plate 34 shown in Fig. 2 remains on the light 
source side of the half wave plate, which is provided 
instead of the switching liquid crystal panel (on the 
surface of the patterned retardation plate 20 opposite to 
its surface to which the liquid crystal panel 10 is bonded). 

The present invention is not limited to the foresaid 
liquid crystal display panel or liquid crystal display 
apparatus. The present invention is applied to (i) a display 
panel or display apparatus which has, instead of the 
switching liquid crystal panel 30 or the patterned 
retardation plate 20, a parallax barrier made of a light 
shielding material such as a light shielding metal film or 
black resin, or (ii) a display panel or display apparatus in 
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which a light shielding material is directly deposited in a 
stripe pattern on the opposing substrate 12 or the active 
matrix substrate 14. Needless to say, the display panel or 
the display apparatus which employs such a parallax 
barrier can be applied to the display panel or the display 
apparatus exclusive for (i) the 3D display or (ii) the 
displays of different images to respective observers. 

Further, the present invention is not limited to a 
parallax barrier system. The present invention is also 
applied to a display panel or a display apparatus each of 
which employs (i) a system using lens arrays or glasses or 
(ii) a system performing time division and synchronization 
with regard to directional characteristics of the light 
source and a display image, so as to separate a display 
image for a plurality of viewpoints at one time or in a time 
division manner. Needless to say, such a display panel or 
a display apparatus may be the one which switches 
display images to unseparated display images or which 
exclusively displays separated images. 

In the liquid crystal display apparatus of the present 
invention, the displaying liquid crystal panel serves as a 
main component for preventing a crosstalk due to the 
diffraction phenomenon occurred in the displaying liquid 
crystal panel. Thus, the following describes details of the 
structure of the displaying liquid crystal panel of the 



present embodiment. 

In the active matrix substrate 14 of the display-use 
liquid crystal panel 10 used in a display apparatus of the 
present embodiment, the display-use liquid crystal panel 
has pixel patterns, each including TFT devices 83 and 
transparent pixel electrodes 86 as illustrated in Fig. 1. 
Further, each of the pixel patterns is disposed, in a matrix 
manner, at each intersection of a gate line 80 and a 
source line 81. The gate lines 80 and the source lines 81 
are isolated by an interlayer insulating film interposed in 
between (not shown). 

In the liquid crystal display panel, normally, there is 
not sufficient liquid crystal capacitance between the pixel 
electrode 86 and an opposing electrode (not shown). 
Therefore, an auxiliary capacity line (auxiliary capacity 
wiring) 82 is provided in parallel to a gate line 80. When 
extending a drain electrode 83c of a TFT device up to the 
auxiliary capacity line 82, a section in which the drain 
electrode 83c and the auxiliary capacity line 82 are 
superimposed is formed. This allows an auxiliary 
capacitor (an electric charge holding capacitor) 84 to be 
formed between the drain electrode 83c and the auxiliary 
capacity line 82 in the superimposed section. 

The drain electrode 83c of the TFT device 83 is 
connected to the pixel electrode 86 through a hole 
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provided on the interlayer insulating film, specifically in a 
portion corresponding to the auxiliary capacitor 84, and a 
gate electrode 83a is connected to the gate line 80 which 
supplies a scan signal for switching on or off the TFT 
device 83. On the other hand, a source electrode 83b is 
connected to the source line 81 which inputs an image 
signal to the pixel electrode through the TFT device 83. 

The auxiliary capacity line 82 produces negative 
capacitance since the insulating film, disposed at the 
intersection with the source line 81, serves as an 
insulating material. The negative capacitance causes 
delays of the scan signal and the image signal. Therefore, 
the negative capacitance is lowered by reducing an area of 
the auxiliary capacity line 82 over the source line 81 at 
the intersection. Specifically, the reduction in the area is 
realized by reducing the width of the auxiliary capacity 
line 82. On the other hand, in order to secure the 
auxiliary capacitance, the auxiliary capacitor 84 itself is 
enlarged in width so as to be maximally close to the 
source lines 81 provided on the both edges of the pixel 
pattern. That is, the auxiliary capacity line 82 is formed 
to have a narrow line width at the intersection with the 
source line 81, while having a broad line width in the 
pixel pattern. 

As noted above, the width of the auxiliary capacity 
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line 82 over the source line 81 is made to be narrow so 
that an area at the intersection is reduced, while the 
auxiliary capacitor 84 is enlarged in width so as to be 
close to the source lines 81 provided on the both edges of 
the pixel pattern. By forming the auxiliary capacitor 84 in 
such a shape, narrow gaps, i.e., aperture sections 88, are 
created between Cs (auxiliary capacitor) and the source 
lines. 

For a liquid crystal display panel as shown in Fig. 1, 
the greatest concern is that the narrow-gap aperture 
sections 88 between the Cs and the source lines may have 
the diffraction phenomenon causing a crosstalk. 

With a liquid crystal display panel of the present 
invention, two methods are broadly proposed for reducing 
the diffraction phenomenon and suppressing a crosstalk. 

A first method for suppressing a crosstalk is a 
method of obtaining the conditions causing diffraction of 
light passing through the narrow-gap aperture sections 
and then designing the pixel patterns having no such 
narrow-gap aperture sections at the designing phase of 
the pixel patterns. The first method is described below. 

The following describes a result of performing 
simulations to investigate a relationship between the 
width of the narrow-gap aperture sections and a crosstalk 
in the pixel patterns. First, the pixel patterns used in the 
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simulations is described with reference to Fig. 5. 

As illustrated in Fig. 5(a), the pixel pattern has a 
,ength of 180 ,m and a breadth 60 am (hereinafter 
referred to as vertical size and breadth size, respectively, 
for ease of explanation). The source lines and the gate 
Hues have a width o, 3 am each. Thus, in each p.xel 
pattern, a maximum breadth size of the aperture regions 
surrounded by the source lines and the gate bne. » 

calculated by 

60 - 3 x 2 = 54 [H- 

Further, in the pixel pattern, the auxiliary capacitor 
is provided in the aperture region, and the auxi.iary 
capacity line constituting the auxiliary capacitor is made 
to have a reduced line width at the intersection with the 
source line. This results in creating the aperture sections 
having a narrow gap of x am wide between the Cs 
(auxiliary capacitor, and the source lines. ,n the fol.owing 
simulations, crossta.k values are obtained in cases where 
the width of the narrow-gap aperture sections, i.e., x am, 
is changed by 1 ,m pitch from 0 am to 27 ,m. Note that, 
,» a case where the width x am of the aperture sections >. 
0 ,m as illustrated in Fig. 5(b), the auxiliary capacity hne 
i8 made to have a broad line width entirely, with the 

„ orflirp ciertion is created. On 
result that no narrow-gap aperture section 

^ u a in a case where the width x nm of the 
the other hand, in a case wuci 
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aperture sections is 27 as iilustrated in Fig. 5,0, the 

auxiliary capacity line is made to be thin entirely, with the 
result that no narrow-gap aperture section is created. 

Since such a crosstalk occurs in carrying out a 3D 
display realised when a displaying liquid crysta. panel 
having the pixel patterns and a parallax barrier (or >n 
carrying out display which supplies different images to a 
pfurality of observers), the following simulations were 
performed by setting a slit of the parallax barrier to have 
a width of 30 urn, 33 pm, and 35 am, respectively. 

Further, the crosstalk values calculated by the 
simulations are dimensionless values determined by the 
following equation ,1). In the equation ,1), Dark indicates 
a brightness in Mack display when black display is earned 
out for either one of the right eye image and the left eye 
imag e and white display is carried out for the other. On 
the other hand, Bfack indicates a brightness in black 
display when black display is carried out for both of the 
tight eye image and the left eye image. Further, Bright 
indicates a brightness in white display when black display 
is carried out for either one of the right eye image and the 
left eye image and white display is carried out for the 
other. The .arger crosstalk occurs, the higher brightness 
Dark becomes due to the crosstalk effect. As a result, the 
increased difference is given between Dark and Bfack, 
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resulting in an increase of a crosstalk value expressed in 
the equation (1). Needless to say, it is also possible to 
obtain the crosstalk value by measuring the brightness 
and performing calculation based on the equation (i): 



Dark — Black 

Crosstalk value = •••(!)• 

Bright - Black 



The result of the simulations is shown in Table 1. 
Further, Fig. 6 is a graph plotting the result shown in 
Table 1. 

In the simulations, the crosstalk values are obtained 
by calculating a propagation direction of light emitted 
from a light source based on (i) the size of a pixel element, 
the width of an aperture section, the thickness of a 
substrate, the refractive index of a substrate, the 
wavelength of the light source, which are used for 
generating a display image in a liquid crystal display 
apparatus and (ii) distances between the two eyes. Then, 
the crosstalk value is calculated based on the optimum 
pitch and width of a slit provided on a patterned 
- retardation plate. 
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[Table 1] 



WIDTH OF 
SLIT [^m] 


SPACE BETWEEN Cs AND SOURCE LINE [urn] 


0 


1 


2 


3 


4 


5 


6 


7 


8 


30 


4.415 


4.886 


5.181 


5.639 


5.971 


6.105 


5.672 


5.086 


4.927 


33 


4.311 


4.786 


5.089 


5.572 


5.926 


6.116 


5.72 1 


5.130 


4.896 


35 


4.301 


4.781 


5.091 


5.595 


5.967 


6. 190 


5.830 


5.246 


4.954 



SPACE BETWEEN Cs AND SOURCE LINE [nm] 


9 


10 


1 1 


12 


13 


14 


15 


16 


17 


18 


5.062 


5. 175 


5.393 


5.566 


5.515 


5.355 


5.228 


5.135 


5.187 


5. 147 


4.945 


5.029 


5.220 


5.371 


5.385 


5.311 


5. 152 


5.026 


5.027 


4.928 


4.949 


5.018 


5.179 


5.304 


5.351 


5.312 


5. 165 


5.060 


5.013 


4.859 



SPACE BETWEEN Cs AND SOURCE LINE [fim] 


19 


20 


21 


22 


23 


24 


25 


26 


27 


5. 132 


5. 100 


5.151 


4.859 


4.982 


4.740 


4.891 


4.843 


4.415 


4.926 


4.934 


4.947 


4.718 


4.832 


4.545 


4.719 


4.689 


4.309 


4.860 


4.875 


4.884 


4.7 16 


4.820 


4.494 


4.675 


4.650 


4.299 



Table 1 and Fig. 6 show a result of the crosstalk 
values obtained by the simulations, where the width of the 
slit of the patterned retardation plate and the width of the 
narrow-gap aperture sections in the pixel are both 
changed. Note that, the values for the width of the slit of 
the patterned retardation plate, shown in Table 1, are 
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calculated based on the pixel illustrated in Fig. 5. 

As can been seen from the result shown in Table 1 
and Fig. 6, the crosstalk values significantly increase 
when the width x jam of the aperture sections ranges from 
3 jum to 6 jam. That is, in the displaying liquid crystal 
panel of the present embodiment, it is preferable to 
eliminate the narrow-gap aperture sections having the 
width ranging from 3 ^im to 6 jam. Meanwhile, when the 
crosstalk value is 5.6 or greater, there occurs a crosstalk 
which affects visibility in a 3D display or a display 
supplying different video images to a plurality of observers. 
Thus, by eliminating the aperture sections having the 
width ranging from 3 ^im to 6 jam, the crosstalk value is 
made to be below 5.6, and thereby the crosstalk effect is 
suppressed. That is, as is apparent from the result shown 
in Table 1, the width x p of the aperture section is not 
more than 2 jim or not less than 7 jam in order to obtain 
crosstalk values of below 5.6. 

According to the result shown in Table 1 and Fig. 6, 
the range of the width of the aperture sections which 
causes a crosstalk that affects the visibility may be 
expressed by the following inequality: 

(minimum width of the aperture sections in the pixel) 
/ maximum width of the aperture sections in the pixel). 
Here, the maximum width of the aperture section in the 
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pix e, U 54 ,m - — ^ " dth X ^ I " 

aperture sections where the — n 

rrosstalk value to be 5.6 or 
aperture section causing the crossta 

greater is given by the following inequality: 

0 037 < (minimum width of the aperture secUons 

-A+K of the aperture sections in 
the pixel) / (maximum width of the ap 

the pixel) < 0.130. 

^tt a 3D display or a 
In other words, in carrying out a 3D 

different video images to a 
display which supplies different 

it is possible to prevent the 
plurality of observers, it is po 

crosstalk effect on the visibility by setting the width a, 
the aF erture sections appeared in the pixel pattern to 

satisfy the following inequality, 

of the aperture sections m tne 
0 < (minimum width ol tne ap 

■a** of the aperture sections in the 
pixel) / (maximum width of the ap 

oixel) ^ 0.037, or 

vuv, of the aperture sections in 
0 130 ^ (minimum width ol tne ap 

•a^ of the aperture sections in 
the pixel) / (maximum width of the p 

the pixel) < 1. , nf th . 

purther, in the displaying H q uid crystal pane! of 

pr esent enrbodiment, by setting the narrow-gap aperture 

, - ,^v, n ranee that tne 
to have a width in such a range 
sections to have ^ 

cr osstalk value becomes below 5.2, 

r-r + the visibility m 
tv,*. negative effect on tne 
further reduce the negan 
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carrying out a 3D display or a display which supplies 
different video images to a plurality of observers. 

According to Table 1, in order to have a crosstalk 
value of below 5.2, the aperture section is set to have a 
width in a range specified by the following inequality, 

0 < (minimum width of the aperture sections in the 
pixel) / (maximum width of the aperture sections in the 
pixel) < 0.037, 

0.148 < (minimum width of the aperture sections in 
the pixel) / (maximum width of the aperture sections in 
the pixel) < 0.185, or 

0.296 < (minimum width of the aperture sections in 
the pixel) / (maximum width of the aperture sections in 
the pixel) < 1. 

Alternatively, in order to have a crosstalk value 
below 5.2, a width of the aperture section is set so as not 
to fall within a range specified by the following 
inequalities: 

2 jim < (minimum width of the aperture sections in 
the pixel) < 8 jam, 
and 

10 \im < (minimum width of the aperture section in 
the pixel) < 16 p,m. 

In the displaying liquid crystal panel of the present 
embodiment, it is more preferable to have the crosstalk 
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value of below 4.8 by eliminating the narrow-gap aperture 
sections having a width ranging from 1 |um to 26 ^im. This 
realizes an extremely high-definition 3D display or display 
supplying different video images to a plurality of observers, 
which causes almost no crosstalk. 

The foregoing describes the aperture sections 
appeared between the Cs and the source lines, by way of 
taking an example of narrow-gap aperture sections 
causing diffraction phenomenon, i.e., a cause of crosstalk. 
However, the locations of the narrow-gap aperture 
sections causing the diffraction phenomenon are not 
particularly limited. For example, when the drain 
electrode of the TFT device is formed of a shielding metal 
film, aperture sections between the drain electrode and 
the source lines can be applied for the present invention. 

A second method for suppressing the crosstalk is 
considered as follows. When there are aperture sections 
which cause a crosstalk giving a negative effect on the 
visibility, the aperture sections are shielded with a 
shielding film, so that diffraction rays causing crosstalk 
are blocked. Figs. 7(a) and 7(b) illustrate pixel patterns on 
a displaying liquid crystal panel adopting the second 
method. 

In a pixel element pattern on a displaying liquid 
crystal panel illustrated in Fig. 7(a), a shielding film 89 is 
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disposed in parallel to the gate lines 80 in order to shield 
the aperture sections appeared between the Cs and the 
source lines. The shielding film 89 has a width 
substantially equal to that of auxiliary capacitor 84 in its 
vertical direction, and is disposed on the opposing 
substrate side. Further, a shielding film 90 may be 
provided to shield the TFT device 83. Further, the 
shielding film for shielding the aperture sections between 
the Cs and the source lines may be disposed so as to 
shield only the aperture sections, as shown by shielding 
films 89' in Fig. 7(b). The shielding film may be disposed 
not only on the opposing substrate, but also on the active 
matrix substrate. 

According to the present embodiment, the foregoing 
describes a liquid crystal panel adopting an active matrix 
substrate which may possibly have narrow-gap aperture 
sections, by way of taking an example of a display-use 
panel causing the crosstalk issue. However, the present 
invention is not limited to the liquid crystal panel used as 
a displaying panel. Apart from the liquid crystal panel, for 
example, an organic EL panel is considered to serve as a 
display panel using an active matrix substrate. Even by 
using an organic EL panel as a displaying panel, if 
narrow-gap aperture sections appear in a pixel patterns 
on the panel, a similar problem will occur. Thus, the 
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present invention is applied to a display apparatus using 
an organic EL panel or the like as a displaying panel. 

As described above, a display panel of the present 
invention includes: display image generating means for 
generating a display image according to inputted display 
data; and display image separating means for separating 
the display image, at one time or in a time division 
manner, according to a plurality of viewpoints, the display 
image generating means being an active matrix type 
display panel, aperture sections in each pixel pattern of 
the display panel having a width set so as to satisfy the 
following inequality, 

0 < (minimum width of the aperture sections in the 
pixel) / (maximum width of the aperture sections in the 
pixel) < 0.037, or 

0.130 < (minimum width of the aperture sections in 
the pixel) / (maximum width of the aperture sections in 
the pixel) < 1 . 

According to the arrangement, by setting the width of 
the aperture sections in each pixel pattern to the range 
specified above, it is possible for a crosstalk to have a 
value of less than 5.6, the crosstalk occurring due to a 
diffraction phenomenon during a display in which a 
display image is separated according to a plurality of 
respective viewpoints at one time or in a time division 
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manner. This allows a reduction in negative effects on the 
visibility. 

Further, in the display panel, the width of the 
aperture sections in the pixel pattern of the active matrix 
type display panel is set to satisfy the following 
inequality, 

0 < (minimum width of the aperture sections in the 
pixel) / (maximum width of the aperture sections in the 
pixel) < 0.037, 

0.148 < (minimum width of the aperture sections in 
the pixel) / (maximum width of the aperture sections in 
the pixel) < 0.185, or 

0.296 < (minimum width of the aperture sections in 
the pixel) / (maximum width of the aperture sections in 
the pixel) < 1 . 

According to the arrangement, by setting the width of 
the aperture sections in each pixel pattern to the range 
specified above, it is possible for a crosstalk to have a 
value of less than 5.2, the crosstalk occurring due to a 
diffraction phenomenon during a display in which a 
display image is separated according to a plurality of 
respective viewpoints at one time or in a time division 
manner. This allows a reduction in negative effects on the 
visibility. 

Further, according to the present invention, a 



display panel includes: display image generating means 
for generating a display image according to inputted 
display data; and display image separating means for 
separating the display image, at one time or in a time 
division manner, according to a plurality of viewpoints, 
the display image generating means being an active matrix 
type display panel, aperture sections in each pixel pattern 
of the display panel having a width set so as not to fall 
within a range specified by the following inequality: 

2 jim < (minimum width of the aperture sections in 
the pixel) < 7 [im. 

According to the arrangement, by setting the width of 
the aperture sections in each pixel pattern to the range 
specified above, it is possible for a crosstalk to have a 
value of less than 5.6, the crosstalk occurring due to a 
diffraction phenomenon during a display in which a 
display image is separated according to a plurality of 
respective viewpoints at one time or in a time division 
manner. This allows a reduction in negative effects on the 
visibility. 

Further, in the display panel, the width of the 
aperture sections in the pixel pattern of the active matrix 
type display panel is set so as not to fall within a range 
specified by the following inequalities: 

2 jim < (minimum width of the aperture sections in 
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the pixel) < 8 jam, and 

10 (am < (minimum width of the aperture sections in 
the pixel) < 16 jam. 

According to the arrangement, by setting the width of 
the aperture sections in each pixel pattern to the range 
specified above, it is possible for a crosstalk to have a 
value of less than 5.2, the crosstalk occurring due to a 
diffraction phenomenon during a display in which a 
display image is separated according to a plurality of 
respective viewpoints at one time or in a time division 
manner. This allows a reduction in negative effects on the 
visibility. 

Further, according to the present invention, a 
display panel includes: display image generating means 
for generating a display image according to inputted 
display data; and display image separating means for 
separating the display image, at one time or in a time 
division manner, according to a plurality of viewpoints, 
the display image generating means being an active matrix 
type display panel, a light shielding film being provided to 
avoid that the light enters aperture sections, in each pixel 
pattern of the display panel, having a narrow gap. 

According to the arrangement, in a case where a 
pixel pattern includes aperture sections causing a 
crosstalk due to a diffraction phenomenon giving rise to 
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negative effects on the visibility, it is possible to prevent 
crosstalk due to the diffraction phenomenon by covering 
the aperture sections with the light-shielding film so that 
the diffracted light causing the crosstalk is blocked. 

Further, in the display panel, the width of the 
aperture sections shielded by the light-shielding film is 
set to satisfy the following inequality: 

0.037 < (minimum width of the aperture sections in 
the pixel) / (maximum width of the aperture sections in 
the pixel) < 0.130. 

Further, in the display panel, the width of the 
aperture sections shielded by the light-shielding film is 
set to satisfy the following inequality: 

2 jam < (minimum width of the aperture sections in 
the pixel) < 7 |j-m. 

Further, in the display panel, the active matrix type 
display panel includes: an auxiliary capacitor in the pixel; 
and auxiliary capacity wiring constituting the auxiliary 
capacitor, the auxiliary capacity wiring having a narrow 
line width at an intersection with a source line and having 
a broad line width in a pixel pattern. 

In the display panel having the above structure, a 
narrow gap aperture section tends to appear between the 
Cs (auxiliary capacitor) and the source lines and causes a 
crosstalk. Thus, the present invention is preferably 
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applied to such a display panel 

Further, in the display panel, the active matrix type 
display panel is a TFT (thin film transistor) driven type 
display panel. 

In the display panel having the above structure, a 
narrow gap aperture section tends to appear between the 
TFT device and the source lines and causes a crosstalk. 
Thus, the present invention is preferably applied to such a 
display panel. 

INDUSTRIAL APPLICABILITY 
A display panel of the present invention is capable of 
separating a display image, at one time or in a time 
division manner, according to a plurality of viewpoints 
and displaying different images to the respective 
viewpoints. With the display panel, a crosstalk due to 
diffraction rays can be reduced. The present invention is 
applicable to a 3D display or a display supplying different 
images to a plurality of observers. 



